We report the discovery of the transiting giant planet WASP-17b, the least-dense planet currently known. It is 1.6 Saturn masses but 1.5-2 Jupiter radii, giving a density of 6-14 per cent that of Jupiter. WASP-17b is in a 3.7-day orbit around a sub-solar metallicity, V = 11.6, F6 star. Preliminary detection of the Rossiter-McLaughlin effect suggests that WASP-17b is in a retrograde orbit (λ ≈ −150 deg), indicative of a violent history involving planet-planet or star-planet scattering.
INTRODUCTION
The first measurement of the radius and density of an extrasolar planet was made when HD 209458b was seen to transit its parent star (Charbonneau et al. 2000 , Henry et al. 2000 . The large radius (1.32 R Jup ) of HD 209458b, confirmed by later observations (e.g., Knutson et al. 2007 ), could not be explained by standard models of planet evolution (Guillot & Showman 2002) . Since the discovery of HD 209458b, other bloated planets have been found, including TrES-4 (Mandushev et al. 2007 ), WASP-12b , WASP-4b (Wilson et al. 2008; Gillon et al. 2009a , Winn et al. 2009a , Southworth et al. 2009 ), WASP-6b (Gillon et al. 2009b) , XO-3b (Johns-Krull et al. 2008; Winn et al. 2008 ) and HAT-P-1b (Bakos et al. 2007; Winn et al. 2007; Johnson et al. 2008) . Of those, TrES-4 is the most bloated, with a density 15 per cent that of Jupiter, and a radius larger by a factor 1.78 (Sozzetti et al. 2009 ).
The mass, composition and evolution history of a planet determines its current radius (e.g., Burrows et al. 2007; Fortney et al. 2007) . Recently, numerous theoretical studies have attempted to discover the reasons why some short-orbit, giant planets are bloated. A small fraction of stellar insolation energy would be sufficient to account for bloating, but no known mechanism is able to transport the insolation energy deep enough within a planet to significantly affect the planet's evolution (Guillot & Showman 2002; Burrows et al. 2007 ). Enhanced atmospheric opacity would cause internal heat to be lost more slowly, causing a planet's radius to be larger than otherwise at a given age (Burrows et al. 2007 ). Indeed, the more highly irradiated planets are thought to have enhanced opacity due to species such as gas-phase TiO/VO, tholins or polyacetylenes (Burrows et al. 2008; Fortney et al. 2008) . These upper-atmosphere absorbers result in detectable stratospheres (e.g., Knutson et al. 2009 ) and prevent incident flux from reaching deep into the atmosphere, causing a large day-night temperature contrast, which leads to faster cooling (Guillot & Showman 2002) . That some planets are not bloated, though they are in similar irradiation environments and have otherwise similar properties to bloated planets, may be due to differences in evolution history or in core mass (Guillot et al. 2006; Burrows et al. 2007 ).
Currently, the most promising explanation for the large radii of some planets is that they were inflated when the tidal circularisation of eccentric orbits caused energy to be dissipated as heat within the planets (Bodenheimer et al. 2001; Gu et al. 2003; Jackson et al. 2008a; Ibgui & Burrows 2009 ). Indeed, Jackson et al. (2008b) found that the distribution of the eccentricities of short-orbit (a < 0.2 AU) planets could have evolved, via tidal circularisation, from a distribution identical to that of the farther-out planets.
The angular momenta of a star and its planets derive from that of their parent molecular cloud, so close alignment is expected between the stellar spin and planetary orbit axes. When a planet obscures a portion of its par-ent star we observe an apparent spectroscopic redshift or blueshift; which we see depends on whether the area obscured is approaching or receding relative to the star's bulk motion. This manifests as an 'anomalous' radial velocity (RV) and is known as the Rossiter-McLaughlin (RM) effect (e.g., Queloz et al. 2000a; Gaudi & Winn 2007) . The shape of the RM effect is sensitive to the path a planet takes across its parent star, relative to the star's spin axis. Thus, spectroscopic observation of a transit allows measurement of λ, the sky-projected angle between the stellar spin and planetary orbit axes. Shortorbit, giant planets are thought to have formed just outside the ice boundary and migrated inwards (e.g., Ida & Lin 2004) . Thus, λ is a useful diagnostic for theories of planet migration, some of which predict preservation of initial spin-orbit alignment and some of which would occassionally produce large misalignments. For example, migration via tidal interaction of a giant planet with a gas disc (Lin et al. 1996; Ward 1997 ) is expected to preserve spin-orbit alignment, whereas migration via a combination of planet-planet scattering and tidal circularisation of a resultant eccentric orbit is able to produce a significant misalignment (e.g., Rasio & Ford 1996; Chatterjee et al. 2008; Nagasawa et al. 2008) . To date, λ has been determined for 14 systems (Fabrycky & Winn 2009; Gillon 2009; Triaud et al. 2009 ) and for 3 of those a significant misalignment was found: XO-3b (λ = 37.3±3.7 deg, Winn et al. 2009b; see also: Hébrard et al. 2008) , HD 80606b (λ = 59 +28 −18 deg, Gillon 2009; see also: Moutou et al. 2009; Pont et al. 2009; Winn et al. 2009c ) and WASP-14b (λ = −33.1 ± 7.4 deg, Johnson et al. 2009; see also: Joshi et al. 2009) .
In this paper, we present the discovery of the transiting extrasolar planet WASP-17b, which is the least-dense planet currently known and the first planet found to be in a probable retrograde orbit.
2. OBSERVATIONS WASP-17 is a V = 11.6, F6 star in Scorpius. It was observed by WASP-South (Pollacco et al. 2006) (Figure 1) .
A full transit of WASP-17 was observed in the I c -band with EulerCAM on the 1.2-m Euler-Swiss telescope on 2008 May 06. The telescope was defocused to give a mean stellar profile width of 4 ′′ . Over a duration of 6 hours, 181 frames were obtained with a range of exposure times of 32-98 s -the exposure time was tuned to keep the stellar peaks constant. Observations began when WASP-17 was at airmass 1.07; the star then passed through the meridian before reaching airmass 1.8 when observations ended at twilight. The resulting light curve and the residuals about the model fits ( §4) are shown in Figure 2 and the photometry is given in Table 1 .
Using the CORALIE spectrograph mounted on the Euler-Swiss telescope (Baranne et al. 1996; Queloz et al. 2000b) Table 4 . Points with error > 0.05 mag (3 σ median ) were clipped for display. From the WASP discovery photometry we found a high probability (0.74) of WASP-17 being a main-sequence star and a zero probability of the companion having R P < 1.5 R Jup (Collier Cameron et al. 2007 ). As such, the system did not fulfill one of our usual selection criteria, P(R P < 1.5 R Jup ) > 0.2, for follow-up spectroscopy (Collier Cameron et al. 2007 ). We therefore advise other transit surveys to exercise caution in rejecting candidates on the basis of size, so as not to miss interesting systems like WASP-17. Table 4 ; consult that table for the key to the colour and symbol scheme. Lower panel: Residuals about the model fits. For the green and the magenta models (triangles) the noise is the same (rms = 1140 ppm; red noise = 840 ppm -calculated using the method of Gillon et al. 2006) ; for the blue model (squares) the noise is slightly higher (rms = 1210 ppm; red noise = 920 ppm, Gillon et al. 2006) . The mean theoretical error is 800 ppm. precision spectra were obtained in 2008 with the HARPS spectrograph (Mayor et al. 2003) , based on the 3.6-m ESO telescope. RV measurements were computed by weighted cross-correlation (Baranne et al. 1996; Pepe et al. 2005 ) with a numerical G2-spectral template. RV variations were detected with the same period found from the WASP photometry and with semi-amplitude of ∼50 m s −1 , consistent with a planetary-mass companion. The RV measurements are listed in Table 2 and are plotted in Figure 3 .
To test the hypothesis that the RV variations are due to spectral line distortions caused by a blended eclipsing binary, a line-bisector analysis (Queloz et al. 2001 ) of the CORALIE and HARPS cross-correlation functions was performed. The lack of correlation between bisector span and radial velocity (Figure 4) , especially for the high precision HARPS measurements, supports the identification of the transiting body as a planet.
STELLAR PARAMETERS
The combined CORALIE and HARPS spectra from 2007-2008, co-added into 0.01Å steps, give a S/N of ∼100:1. The stellar parameters and elemental abundances of WASP-17 were determined using spectrum synthesis and equivalent-width measurements (Gillon et al. 2009b; West et al. 2009 ) and are given in Table 3 . In the spectra, the Li i 6708Å line is not detected (EW < 2mÅ), giving an upper-limit on the Lithium abundance of log n(Li/H) + 12 < 1.3. However, the effective temperature of this star implies it is in the lithium-gap (Böhm-Vitense 2004) and so the lithium abundance does not provide an age constraint. In determining the projected stellar rotation velocity (v sin i) from the HARPS spectra, a value for macroturbulence (v mac ) of 6 km s −1 was adopted (Gray 2008) and an instrumental FWHM of 0.06Å, determined from the telluric lines around 6300Å, was used. A best fitting value of v sin i = 9.0 ± 1.5 km s −1 was obtained. However, if v mac is lower than the assumed 6 km s −1 then v sin i would be slightly higher, with a value of 11 km s −1 obtained if v mac is assumed to be zero.
We attempted to measure the rotation period of WASP-17 by searching for sinusoidal, rotational modulation of the WASP light curve (Hebb et al. 2009 ), as may be induced by a non-axisymmetric distribution of starspots. Considering periods of 1.05-30 days, the best-fitting period is 24.7 days. However, the amplitudes of the phase-folded light curves from each camera from Table 4 and incorporate the RM effect. As the zero-point offset between HARPS and CORALIE is a free parameter in the models, the HARPS measurements are shown once per model, with corresponding symbols and colours (Table 4) . The centre-of-mass velocities of Table 4 have been subtracted. Lower panel: Residuals about the model solutions; consult Table 4 for the key to the symbol and colour scheme. each season are small (2-8 mmag). Assuming spin-orbit alignment, with v sin i = 9.0 km s −1 , and using the values of stellar radius given in Table 4 (see §4), a stellar rotation period of 8.5-11 days is expected.
We estimated the distance of WASP-17 (400 ± 60 pc) using the distance modulus, the TYCHO apparent visual magnitude (V = 11.6) and the absolute visual magnitude of an F6V star (V = 3.6; Gray 2008); we assumed E(B − V ) = 0. . 2008) . The proposal parameters we use are: T c , P , ∆F , T 14 , b, K 1 , M * , e cos ω, e sin ω, v sin i cos λ and v sin i sin λ. Here T c is the epoch of mid-transit, P is the orbital period, ∆F is the fractional flux-deficit that would be observed during transit in the absence of limbdarkening, T 14 is the total transit duration (from first to fourth contact), b is the impact parameter of the planet's path across the stellar disc, K 1 is the stellar reflex velocity semi-amplitude, M * is the stellar mass, e is the orbital eccentricity and ω is the argument of periastron. At each step in the MCMC procedure, each proposal parameter is perturbed from its previous value by a small, random amount. From the proposal parameters, model light and RV curves are generated and χ 2 is calculated from their comparison with the data. A step is accepted if χ 2 is lower than for the previous step; a step with higher χ 2 may also be accepted, the probability for which is lower for larger ∆χ 2 . In this way, the parameter space around the optimum solution is thoroughly explored. Provided the probability of accepting a step of higher χ 2 is chosen correctly, then the distribution of points for an MCMC chain gives the standard errors on the parameters (e.g., Ford 2006) .
We place a prior on M * that, via a Bayesian penalty, causes its values in accepted MCMC steps to approximate a Gaussian distribution with mean M 0 and standard deviation σ M = 0.1 M 0 , where M 0 is the initial estimate of M * . To determine M 0 and to estimate the star's age, an evolutionary analysis was performed. In that, an initial MCMC run was used to determine the stellar density, which depends on the shape of the transit light curve and the eccentricity of the orbit. The stellar evolution tracks of Girardi et al. (2000) were then interpolated using this stellar density and using the stellar temperature and metal-licity from the spectral analysis ( Figure 5 ). This suggests that WASP-17 has evolved off the zero-age main sequence, with a mass of 1.20 +0.10 −0.11 M ⊙ and an age of 3.0 +0.9 −2.6 Gyr. This stellar mass was used as the initial estimate, M 0 , in the MCMC solution (Case 1) presented in the second column of Table 4 . The best-fitting eccentricity is non-zero at the 2-σ level (e = 0.129 +0.106 −0.068 ; ω = 290 +106 −16 deg). The best-fitting planet radius is large but uncertain (R P = 1.74 +0.26 −0.23 R Jup ). This uncertainty results from e and ω being poorly constrained by the RV data, causing the velocity of the planet during transit, and therefore the distance travelled (i.e. the stellar radius), to be uncertain. The planet radius is related to the stellar radius by the measured depth of transit, so it too is uncertain. The stellar age from the first MCMC solution and v sin i from the spectral analysis are consistent with WASP-17 being young. As such, a second MCMC analysis was performed, with a main sequence (MS) prior on the star and with eccentricity a free parameter. With the MS prior, a Bayesian penalty ensures that, in accepted steps, the values of stellar radius are consistent with those of stellar mass for a main-sequence star: the probability distribution of R * has a mean of R 0 = M 0.8 0 (Tingley & Sackett 2005) , where R 0 is the initial estimate of R * , and a standard deviation of σ R = 0.8(R 0 /M 0 )σ M . An initial MCMC analysis was used to determine stellar density, which was used as an input to an evolutionary analysis ( Figure 5 ). That suggests a stellar mass of 1.19 +0.07 −0.08 M ⊙ and a stellar age of 1.2 +2.8 −1.2 Gyr. This stellar mass was used as the start value in the MCMC solution (Case 2) presented in the third column of Table 4 . The MS prior results in a smaller stellar radius and, therefore, a smaller planetary radius (R P = 1.51 ± 0.10 R Jup ). The MS prior on stellar radius, together with the prior on stellar mass, effectively places a prior on stellar density, ρ * , forcing stellar density toward the higher values typical of a MS star. Therefore, as
(1 + e sin ω) 3 (1) a more eccentric orbit (e = 0.237
+0.068
−0.069 ; ω = 278.0 +8.2 −5.6 deg) results. The uncertainties on each of the parameters affected by the MS prior are artificially small due to the MS prior not taking full account of uncertainties involved (e.g., in the theoretical mass-radius relationship).
As the detection of a non-zero eccentricity in the first MCMC solution is of low significance, a third solution was generated, with an imposed circular orbit and no MS prior. Again, an initial MCMC analysis was performed to determine stellar density, which was used as an input to an evolutionary analysis ( Figure 5 ). From that, a stellar mass of 1.25 ± 0.08 M ⊙ and a stellar age of 3.1 +1.1 −0.8 Gyr was found. This stellar mass was used as the start value in the MCMC solution (Case 3) presented in the fourth column of Table 4 . The circular orbit causes the velocity of the planet during transit to be higher than in the two eccentric solutions. This results in a larger stellar radius and, as the depth of transit is fixed by measurement, in a larger planet radius (R P = 1.97 ± 0.10 R Jup ).
For each model, the best-fitting transit light curve is shown in Figure 2 and the best-fitting RV curve is shown in Figure 3 . To help decide between the three cases presented, a more precise determination of stellar age, stellar radius or orbtial eccentricity would be useful. It is currently difficult to reliably determine the age of stars older than 1-2 Gyr (e.g., Sozzetti et al. 2009 and references therein). Stellar radius could be calculated from a precise parallax determination. WASP-17's parallax is predicted to be 2.5 mas, which will be measurable to good precision by the forthcoming Gaia mission (Jordi et al. 2006) , which is expected to achieve an accuracy of 7 µas at V = 10. Eccentricity can be better determined using a combination of two methods: (i) Take a number of high-precision RV measurements (which best constrain e sin ω), focusing on those phases at which the differences between the models are greatest (Figure 3 ). (ii) Observe the secondary eclipse; the time of mid-eclipse constrains e cos ω and the eclipse duration more weakly constrains e sin ω (Charbonneau et al. 2005) .
We adopt Case 1 as our preferred solution; we note that if WASP-17 proves to be young then Case 2 will be indicated, and Case 3 will be indicated if the planet's orbit is found to be (near-)circular.
A retrograde orbit?
The RM effect was incorporated in the MCMC analyses with free parameters v sin i cos λ and v sin i sin λ (Figure 6 ; Table 4 ). The three RV measurements during transit suggest a large spin-orbit misalignment (λ ≈ −150 deg), indicating that the planet is orbiting in a sense counter to that of stellar rotation. The RV RMS about the fitted model is 31.6 m s (Figure 6 ). The fitted amplitude of the RM effect suggests v sin i ≈ 20 km s −1 , which is higher than determined in the spectral analysis (Table 3 ). This could be because the amplitude of the RM effect is currently liable to be overestimated (Winn et al. 2005; Triaud et al. 2009 ), due to the manner in which the RVs are extracted from the spectra. At present, the effective velocity of the spectroscopic cross-correlation function (CCF) is measured by fitting a gaussian. However, at values of v sin i significantly greater than the intrinsic width of the CCF for a slowly-rotating star, the travelling bump in the profile that is the spectral signature of the planet's silhouette becomes partially resolved (Gaudi & Winn 2007 ). The CCF profile will become slightly asymmetric when the planet is near the limb, and this may bias the velocity measured by gaussian-fitting to a greater value than the RV of the centroid of the unobscured parts of the star. 
Transit times
We measured the times of WASP-17b's transits to search for transit timing variations, as may be induced by a third body (e.g., Holman & Murray 2005; Agol et al. 2005) . The model light curves were stepped in time over the phometric data around the predicted times of transit, and χ 2 was calculated at each step. The times of midtransit were found by measuring the χ 2 minima and the uncertainties were determined via bootstrapping. The calculated times of mid-transit, T c , and the differences, O − C, between those times and the predicted times, assuming a fixed epoch and period (Table 4) , are given in Table 5 . No significant departure from a fixed ephemeris is seen.
5. DISCUSSION WASP-17b is the least dense planet known, with a density of 0.06-0.14 ρ J . TrES-4, the previous least dense planet, has a density of 0.15 ρ J (Sozzetti et al. 2009 ), and HD 209458b, the most studied transiting planet, has a density of 0.27 ρ J (Torres et al. 2008) . WASP-17b's radius of 1.5-2 R Jup is larger than predicted by standard planet evolution models. For example those of Fortney et al. (2007) imply a radius of at most 1.3 R Jup (the value for a 1-Gyr-old, coreless planet of 0.41 M Jup , receiving more stellar flux, at a distance of 0.02 AU, where each of these values errs on the side of inflating the radius). Burrows et al. (2007) showed that an enhanced atmospheric opacity can delay radius shrinkage, leading to a larger-than-otherwise planet radius at a given age. Enhanced opacities may result from super-solar metallicity, the presence of clouds/hazes, or the effects of photolysis or non-equilibrium chemisty. One might expect a low planetary atmospheric opacity due to the sub-solar metallicity of the WASP-17 star: [Fe/H] = -0.25. However, as WASP-17b is highly irradiated, its atmospheric opacity is expected to be high due, for example, to the presence of TiO and VO gases (Burrows et al. 2008; Fortney 2008 ). Ibgui & Burrows (2009) found that an atmospheric opacity of 3 × solar is sufficient to account for the radius of HD 209458b. The very large radius of WASP-17b and its moderate age suggest that enhanced opacity alone, even of 10×solar, is insufficient to account for the planet's bloatedness.
It has been proposed (Bodenheimer et al. 2001; Gu et al. 2003; Jackson et al. 2008a ) that tidal dissipation associated with the circularisation of an eccentric orbit is able to substantially inflate the radius of a shortorbit, giant planet. If a planet is in a close (a < 0.2 AU), highly eccentric (e > 0.2) orbit then planetary tidal dissipation will be significant and will shorten and circularise the orbit. Orbital energy is deposited within the planet interior, leading to an inflated planet radius. This process is accelerated by higher atmospheric opacities: as the planet better retains heat, shrinking of the radius is retarded, and a larger radius causes greater tidal dissipation. Higher eccentricities result in stronger tides, and thus in greater tidal dissipation. The rate at which energy is tidally dissipated within a body is inversely proportional to its tidal quality factor, Q ′ , which is the ratio of the energy in the tide to the tidal energy dissipated within the body per orbit (e.g., Ogilvie & Lin 2007) . Ibgui & Burrows (2009) created a tidal dissipation model and applied it to HD 209458b, which is bloated to a lesser degree than WASP-17b. A custom fit is required to find possible evolution histories for the WASP-17 system, but the similarity of HD 209458 (compare Tables 3 and 4 from this paper with Table 1 in Ibgui & Burrows (2009) and references therein) permits comparison. Ibgui & Burrows' (2009) HD 209458b model suggests that tidal heating could produce even WASP17b's maximum likely radius (R P ≈ 2 R Jup ) if, for example, it evolved from a highly eccentric (e ≈ 0.79), close (a ≈ 0.085 AU) orbit, with moderate tidal dissipation (Q ′ P ≈ 10 6.55 ; Q ′ * ≈ 10 7.0 ) and solar atmospheric opacity. The final semimajor axis of this particular model was shorter than that of WASP-17b, but within 10 per cent. Such an eccentric, short orbit seems reasonable as Three solutions are presented (Cases 1, 2 and 3), each with different constraints as described in the text ( §4). a T 58 : total eclipse duration. b T 56 = T 78 : eclipse ingress/egress duration. Jackson et al. (2008b) found similar best-fitting values (Q ′ P = 10 6.5 ; Q ′ * = 10 5.5 ) when matching the current eccentricities of short-orbit (a < 0.2 AU) planets with the eccentricities of farther out planets, from which they presumably evolved.
The limited radial-velocity measurements during transit give a strong indication that WASP-17b is in a retrograde orbit. As the angular momenta of a star, its protoplanetary disc, and hence its planets, all derive from that of the parent molecular cloud, WASP-17b presumably originated in a prograde orbit. As a gas giant, WASP-17b is expected to have formed just outside the ice boundary (∼3 AU) and migrated inwards to its current separation of 0.05 AU (e.g., Ida & Lin 2004 ). Migration of a giant planet via tidal interaction with a gas disc is expected to preserve spin-orbit alignment (Lin et al. 1996; Ward 1997) and is thus unable to produce a retrograde orbit. Alternatively, migration via a combination of star-planet scattering (Takeda et al. 2008) or planet-planet scattering (e.g., Rasio & Ford 1996; Chatterjee et al. 2008; Nagasawa et al. 2008) and tidal circularisation of the resultant eccentric orbit is able to produce significant misalignment.
In addition to inclined orbits, scattering is able to produce highly eccentric orbits (e.g., , which have been found to be common and are necessary if tidal circularisation is to inflate planetary radii (e.g., Jackson et al. 2008b) , whereas planet-disc interactions seem unable to pump eccentricities to large values (e > 0.3; D' Angelo et al. 2006) . Nagasawa et al. (2008) carried out orbital integrations of three-planet systems: three Jupiter-mass planets were initially placed beyond the ice boundary (5 AU, 7.25 AU, 9.5 AU) in circular orbits, with small inclinations (0.5
• , 1 • , 1.5 • ), around a solar-mass star. They found that a combination of planet-planet scattering, the Kozai mechanism (the oscillation of the eccenticity and inclination of a planet's orbit via the secular perturbation from outer bodies; Kozai 1962) and tidal circularisation produces short-orbit, giant planets in ∼30% of cases. The Kozai mechanism is most effective when the scattered, inner planet has an inclined orbit. A broad spread was seen in the inclination distribution of the short-orbit planets formed, including planets in retrograde orbits. Therefore, we suggest that WASP-17b supports the hypothesis that some short-orbit, giant planets are produced by a combination of scattering, the Kozai mechanism and tidal circularisation. The observation of the RM effect for more short-orbit planets is required to measure the size of the contribution.
For planet-planet or star-planet scattering to have influenced WASP-17b's orbit in the past, one or more stellar or planetary companions must have been present in the system. Sensitive imaging could probe for a stellar companion and further radial velocity measurements are necessary to search for stellar or planetary companions. It will be worthwhile looking for long-term trends in the RVs to detect farther-out planets that might have been involved in past scattering. A straight-line fit to the residuals of the RV data about the model fits indicates no significant drift over a span of 622 days (e.g., for Case 1 the drift is −17 ± 11 m s −1 ). In their three-planet integrations, Nagasawa et al. (2008) found that in 75% of cases one planet is ejected, a planet collides with the host star in 22% of cases, and two planets are ejected in 5% of cases. They also found that, since a small difference in orbital energy causes a large difference in semimajor axis in the outer region, the final semimajor axes of outer planets are widely distributed (peak at ∼15 AU, with a large spread). Therefore, it is possible that WASP-17 is now the only giant planet in the system or that the outer planets are in long orbits, which are difficult to detect with the RV technique.
The discovery of WASP-17b extends the mass-radius distribution of the 62 known transiting exoplanets (Figure 7) . WASP-17b has the largest atmospheric scale height (1100-2100 km) of any known planet by up to a factor 2, due to its very low surface gravity and moderately high equilibrium temperature. The ratio of projected areas of planetary atmosphere to stellar disc of WASP-17b is 1.9-2.7 times that of HD 209458b and 2.4-3.4 times that of HD 189733b, for both of which successful attempts at measuring atmospheric signatures have been made (e.g., Charbonneau et al. 2002 , Desert et al. 2009 ). Thus, although WASP-17 is fainter and has a larger stellar radius, the system is a good prospect for transmission spectroscopy. Table 4 . Other WASP planets are filled, red circles; non-WASP planets are open, black circles; Jupiter, Saturn, Neptune and Uranus are filled, grey diamonds, labelled with the planets' initials. For clarity, error bars are displayed only for WASP-17b. Some planets discovered by CoRoT, HAT, TrES, WASP and XO are labelled with the project initial and the system number (e.g., WASP-17b = W17). HD 149026b is labelled D1 and HD 209458b is labelled D2. The labelled, dashed lines depict a range of density contours in Jovian units. Data are taken from this work and http://exoplanet.eu.
